Abstract. Expectations as to the climate potentials of nanotechnology are high, none the least related to the construction sector. This paper seeks to highlight key aspects in the early development and application of eco-innovative nanotech solutions in the construction sector, "nanoconstruction". The paper provides a framework for addressing relevant issues of green nanoconstruction and takes stock of current challenges. Eco-innovative nanoconstruction has the potential to simultaneously enhance the competitiveness and climate potential of the construction sector and could become a key strategic factor for the sector ahead. However, the considerable lack of knowledge both on the eco-opportunities and risks of nanoconstruction and the industrial dynamics involved forms a serious barrier for pursuing nanoconstruction as a serious strategic target for business and policy.
Introduction
Despite the enormous and still rising research and development (R&D) investments in nanotechnology worldwide, nanotechnology is still at an early formative stage of development; much nanoscience is still pre-commercial [1, 9, 10, 29, 31, 33, 42, 43] .
The hype (extensive focus, debate and phantazising) related to nanotechnology is considerable, with grand expectations of nanotechnology to restructure the world atom by atom. There are especially high expectations to nanotech's ecoinnovative (climate friendly, 'green') potential. It is difficult to find a nanoreport or policy document where major environmental benefits are not a main or important claim (see e.g. [13, 22, 31, 35, 37, 39, 40] ). As the climate agenda is becoming increasingly important for the competitiveness and development of the construction sector, the "nanoconstruction" eco-innovative potentials are increasingly interesting.
At the same time concerns regarding possible environmental and health risks related to nanotechnology are increasingly being addressed by policy makers, NGOs, and more lately also nanoscientists and companies and [1, 5, 7, 11, 20, 24, 28, 36, 39] . There are concerns, that regulation is lacking behind the rapid advances in nanotechnology and a precautionary principle is called for by the European Commission [17] . There is, as this paper will unfold, overall still much uncertainty both as to the environmental risks and opportunities related to nanotechnology [5] .
The construction sector was among the first to be identified as a promising application area for nanotechnology back in the beginning of the 1990s; but today we see that the fragmented, generally low tech-tech and conservative construction sector is falling behind other sectors in applying nanotechnology [25] . When talking about eco-innovation in nanoconstruction we are still dealing more with potentialities than with actual developments. Data and analyses are lacking [6, 26, 27] .
This paper seeks to highlight key aspects in the early development and application of eco-innovative nanotech solutions in the construction sector. The paper provides a framework for addressing relevant issues of green nanoconstruction and takes stock of current challenges.
Trends and Key Issues in Climate Friendly Nanoconstruction
The great diversity of nanotechnologies means that it is not easy to identify what green nanotechnology could mean for construction. The high environmental expectations to nanotechnology are related to some fundamental features of nanotechnology. Potentially the atom-by-atom construction of nanomaterials may lead to optimised tailoring of materials and products without dangerous and messy by-products. Self-assembly, i.e. the attempt to mimic nature's intrinsic way of building on the nanometre scale, molecule by molecule through self-organization, has eco-potentials because it is extremely resource efficient ([36] p.39). Also the large surface area of nanoparticles leads to a high reactivity which may lead to higher energy efficiency, e.g. increasing absorption rates for light and facilitating reaction processes at reduced temperatures and with less materials loss ([35] p.89 ). An important feature of relevance for nanoconstruction is that nanotechnology allows the design of materials with multifunctional properties. A single nanomaterial can replace several traditional ones potentially increasing the resource efficiency. E.g. nanocomposites can be made strong, light, thin, electrically conductive and fireproof. Nanocoatings can be self-cleaning, de-polluting and antimicrobial. See also [6, 23, 27, 35, 41] for early but not very thorough discussions on green nanotech opportunities in construction.
The goal of a recent Danish report [6] was to identify the potentials of nanotechnology to meet the needs and solve the problems of the construction sector including the environmental challenges. In this work six nanopillars emerged that systematize the potentials of nanotechnology in relation to the construction industry: 1) nanostructured materials, 2) nanostructured surfaces, 3) nanooptics, 4) nanosensors & electronics, 5) nanointegrated energy production & storage, 6) nanointegrated environmental remediation. Table 1 gives an overview of nanoresearch and technology areas and their construction relevance.
